
Joint range of motion (ROM) is
one of the objective measures used

to evaluate patients’ recovery after
fracture.1 Significant loss of range may
contribute to impaired function. Fur-
ther, loss or shifts in motion, such as
hip rotation, may indicate rotational
malunion. Goniometers, selected for
ease of use and practical application,
are usually used to measure joint
range. A basic prerequisite for clinical
measure is that they be reliable, which
is defined as the “degree of consis-

tency between measurements under
the same conditions.”2 Clinicians need
to know that clinical measures, such
as the assessment of joint motion us-
ing goniometry, provide consistent
results.

Goniometry has been used for
both clinical and research purposes in
healthy children and in special popu-
lations.3–8 However, studies reporting
on the reliability of goniometric
measures have predominately fo-
cused on the adult population.8 Fur-

thermore, in these studies, goniome-
try has been undertaken in an ideal
setting with cooperative subjects and
static conditions. Children, in con-
trast, pose inherent challenges in
measuring joint ROM, including
their small physical size and possible
lack of cooperation in maintaining an
optimal position.

The purpose of this study was to
examine the interrater reliability of
assessment of hip range after pedi-
atric femoral fracture.
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Introduction: The purpose of this study was to determine the interrater reliability of the assessment of
range of motion of the hip joint through goniometry. Methods: We included children aged 4 to 10
years with a femoral shaft fracture, from 4 study sites, who had had either an early hip spica cast or an
external fixator. An assessor blind to treatment received at each site measured range of hip joints mo-
tion, using a standardized goniometric technique at 15 and 24 months postfracture. Results: The intra-
class correlation coefficient (ICC) was used to quantify concordance or agreement. Most ICCs for the
different aspects of hip range were between 0.2 and 0.5, indicating only slight agreement. The most re-
liable measure was hip flexion, with an ICC of 0.48 (95% confidence interval 0.29–0.63). Conclusion:
Goniometric measurement, using standardized protocols for the hip, has low reliability. Only when dif-
ferences in rotation exceed at least 30° and in flexion–extension exceed 50° should clinicians conclude
that true change has occurred.

Introduction : Cette étude visait à déterminer la fiabilité entre évaluateurs d’une évaluation par go-
niométrie de l’amplitude du mouvement de l’articulation de la hanche. Méthodes : Nous avons inclus
les enfants de 4 à 10 ans atteints d’une fracture du corps du fémur, provenant de quatre sites d’étude et
à qui on avait posé un spica de la hanche au début ou une fixation externe. Un évaluateur ne connais-
sant pas le traitement reçu à chaque site a mesuré l’amplitude du mouvement des articulations de la
hanche au moyen d’une technique goniométrique normalisée, 15 et 24 mois après la fracture. Résul-
tats : On a utilisé le coefficient de corrélation intracatégorie (CCI) pour quantifier la concordance ou le
degré d’accord. La plupart des CCI pour les différents aspects de l’amplitude du mouvement de la
hanche se situaient entre 0,2 et 0,5, ce qui indique une faible concordance seulement. La mesure la plus
fiable était la flexion de la hanche, avec un CCI de 0,48 (intervalle de confiance à 95 %, 0,29–0,63).
Conclusion : La mesure goniométrique fondée sur des protocoles normalisés dans le cas de la hanche
est peu fiable. C’est seulement lorsque les différences de rotation dépassent au moins 30° et la flexion en
extension de 50° que les cliniciens devraient conclure qu’il y a véritablement eu changement.



Methods

We selected subjects from the partici-
pants (total n = 101) in a random-
ized controlled trial comparing early
hip spica and external fixator.9 Dur-
ing the first 12 months after pediatric
femoral shaft fractures, it was antici-
pated that hip ROM would initially
be diminished, irrespective of treat-
ment. However, by 1 year after the
fracture, most children had regained
their ultimate range.10

Clinicians, blind to the treatment
and fracture site, evaluated children
15 and 24 months postfracture. We
included all children with complete
clinical assessments at the 2 time peri-
ods. Blinding was achieved by the
child donning tights for the physical
examination in order to cover any
scars. Both the child and the parent
were instructed not to identify either
the fracture side or treatment with
the blind assessor at each study visit.
Each site (n = 4) selected their own
goniometer, which they used
throughout the trial. Data were col-
lected and reviewed at regular inter-
vals during the study so that immedi-
ate clarification could be sought.

Each study site was provided with
written standardized procedures for
measuring active ROM of the hip
and knee, as described by the Ameri-
can Academy of Orthopaedic Sur-
geons in The Clinical Measurement
of Joint Motion.11,12

We determined active hip exten-
sion, using the Thomas Test to ex-
clude any hip flexion contracture
that may be present. The child was
supine, and 1 hip was flexed toward
the abdomen until the lumbar spine
was flat. The residual lack of flexion
on the opposite hip was determined
as the hip flexion contracture; the arc
of flexion of the opposite hip begins
at this point.

We measured hip abduction and
adduction with the child supine and
the hips in full extension and in neu-
tral rotation; 0° was in the midline ori-
entation, with the 2 anterior superior
iliac spines defining the axis of the

pelvis. We measured hip rotation with
the child prone, pelvis flat and knees
flexed at 90°, allowing the legs to
move apart under the force of gravity.

We used SPSS 10.1 for Windows
to perform reliability, and interrater re-
liability was calculated with the intra-
class correlation coefficient (ICC). The
ICC, a test of concordance or agree-
ment for continuous data, such as the
measurement of joint range in degrees
of angles, ranges from 0 to 1. An ICC
greater than 0.75 indicates excellent

reliability.13 The random effects model
allows for extrapolation to all raters
and is useful in interrater trials.14

To provide a quantitative estimate
of the clinical usefulness of hip range,
we used limits of agreement. Limits of
agreement are defined as twice the
standard deviation of the differences
between measures. When a difference
between 2 measures exceeds the limit
of agreements, differences can be
more confidently attributed to true
clinical change.
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Table 1

Description of participants by site (n = 82)

Characteristic Toronto Melbourne Los Angeles Auckland

Treatment

Hip spica 18 23 1 3

External fixator 16 18 1 2

Side

Right 17 27 1 5

Left 17 14 1 0

Pattern

Spiral 7 21 1 1

Oblique 13 8 0 2

Transverse 14 12 1 2

Total 34 41 2 5

Table 2

Joint range of motion reliability (n = 82)

95% CI

Joint range ICC Lower range Upper range

Hip flexion

Right 0.48 0.29 0.63

Left 0.31 0.10 0.49

Hip extension

Right 0.19 –0.03 0.39

Left 0.22 0.00 0.41

Hip abduction

Right 0.28 0.07 0.47

Left 0.43 0.24 0.59

Hip adduction

Right 0.20 –0.01 0.40

Left 0.19 –0.03 0.39

Hip internal rotation

Right 0.41 0.21 0.58

Left 0.30 0.09 0.49

Hip external rotation

Right 0.06 –0.16 0.27

Left 0.33 0.12 0.51

ICC = intraclass correlation coefficient; CI = confidence Interval.



Results

Of the 101 trial participants, 19 had
incomplete assessments and were ex-
cluded from the analysis. The aver-
age age of patients was 6 years, rang-
ing from 4 to 10 years. We describe
the patients, study sites and treat-
ments received in Table 1.

The ICCs are presented in Table
2. All ICCs were between 0.2 and
0.5, indicating either fair or slight
agreement. The highest ICC (0.48)
was for right hip flexion (95% confi-
dence interval [CI] 0.29–0.63). Scat-
ter plots (Fig. 1, Fig. 2, Fig. 3, Fig.
4) illustrate the typical variability in
interrater measurement.

The limits of agreement are pro-

vided in Table 3. Only when differ-
ences in hip rotation exceed approxi-
mately 30° can clinicians attribute
that difference to true clinical
change. The limits of agreement of
54° were even higher for hip flexion
and extension.

Discussion

Assessing whether change occurs as
the result of disease progression or
response to therapy requires a reli-
able measure. Measurement of hip
ROM is used for many purposes.
First, decreased hip motion, specifi-
cally internal rotation and abduction,
are often found in many conditions
affecting the hip. For example, de-

creased abduction is a cardinal sign
of dislocated hips. Second, evaluating
ROM forms part of the assessment
of disease severity. For example,
more severe hip arthritis is reflected
in a general reduction in the hip
ROM. Third, assessment of range
may guide therapy. For example,
restitution of motion in the early
stages of Legg-Calvé-Perthes disease
is a sign of treatment success.
Fourth, improvement of range may
be the aim of treatment. For exam-
ple, the treatment aim for monoar-
ticular arthritis may be a global
increase in range. Finally, ROM can
be a treatment outcome. For exam-
ple, a shift in motion may indicate a
rotational malunion after femoral
fracture. Thus, assessment of hip mo-
tion is used often in clinical and re-
search activities.

Only 2 studies have specifically
addressed reliability of joint range in
children: Watkins and colleagues15

addressed ankle dorsiflexion and
Bartlett and colleagues16 addressed
hip extension. Watkins and col-
leagues15 used the Universal Go-
niometer and an adapted Biplane
Goniometer to establish the reliabil-
ity of measurements of passive ankle
dorsiflexion for 25 children with ei-
ther juvenile rheumatoid arthritis or
cerebral palsy and 75 children with
no disability. Five pairs of raters mea-
sured 5 children from each category.
Standard error of measurement was
calculated for each goniometer, re-
vealing that the amount of error as-
sociated with each goniometer was
similar when both rater and time
were random and ranged from 6.50
for the CP group to 4.40 for the
group with juvenile rheumatoid
arthritis. By fixing either the occasion
or the rater, or by taking the average
of one rater’s 2 consecutive measure-
ments, the error was reduced by 
almost half.15,16 Bartlett and col-
leagues16 evaluated the reliability of 4
different methods for measuring hip
fixed flexion deformity in 21 children
with cerebral palsy and spina bifida.
The standard deviation of 5° to 10°
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Rotation at 15 mo postfracture, degrees
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FIG. 1. Right hip internal rotation (in degrees).
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FIG. 2. Right hip external rotation (in degrees).



was substantially less than the 14° to
21° observed in this study. However,
Bartlett and colleagues16 evaluated
the reliability of only 2 experienced
therapists in the context of a study.

This situation is much different from
our current study or from the usual
clinical situation, where the variabil-
ity of measurement is almost cer-
tainly much greater.

Femoral rotational malunions do
not remodel with time.17,18 In this
study, we estimated only interclini-
cian variability, and intraclinician
variability is likely to be less. If any-
thing, we probably overestimated
the reliability of hip ROM assess-
ment in the usual clinical setting.
First, surgeons seldom use go-
niometers and often “eyeball” range
assessment. Eyeball measurements
are almost certainly less precise and
less reliable than are goniometric
measurements. Second, we used
standardized written protocols,
which are unlikely to exist in most
clinical contexts. Third, clinical ex-
amination occurring in the context
of a clinical trial is likely more reli-
able, compared with the usual clini-
cal setting. Even with these caveats,
we found that the reliability of hip
ROM is generally low to moderate.
The limits of agreement would sug-
gest that differences of up to 30°
between measurements might be
due to the variability in clinical as-
sessment. Future research will need
to specifically examine and deter-
mine the sources of measurement
reliability14 in an attempt to improve
the precision of the clinical assess-
ment of hip ROM.

In conclusion, the reliability of the
goniometric assessment of hip ROM
is moderate at best. Only when dif-
ferences in rotation exceed 30° and
in flexion–extension exceed 50° can
clinicians attribute the difference to
clinical change.
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FIG. 4. Left hip external rotation (in degrees).

Table 3

Limits of agreement for hip range of motion

Right hip Left hip

Movement Difference Mean (and SD)
95% limits of
agreement Difference Mean (and SD)

95% limits of
agreement

Flexion –1.5 126.4 (19.9) –41.3 to 38.03 -0.07 125.0 (26.8) –53.7 to 53.5

Extension 0.02 12.1 (14.4) –28.8 to 28.8 -0.07 12.0 (26.8) –53.7 to 53.5

Abduction 1.8 46.2 (15.1) –28.4 to 32.0 0.2 45.6 (12.1) –24.0 to 24.4

Adduction –1.9 25.1 (8.9) –19.7 to 15.9 -2.1 25.5 (8.6) –19.3 to 15.1

Internal rotation 2.3 49.7 (14.4) –26.0 to 31.0 2.6 50.0 (16.0) –29.4 to 34.6

External rotation –3.4 41.8 (16.1) –33.4 to 33.4 1.4 41.5 (16.2) –31.0 to 33.8
SD = standard deviation.
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50th Anniversary issue — October 2007

The Canadian Medical Association, owner and publisher of Canada’s 
peer-reviewed surgery journal, is proud to congratulate the Canadian Journal
of Surgery on 50 years of bringing important research findings and stimulating
commentary to the Canadian surgical community. 
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Highlights of the anniversary issue:

• Commentary on the past, present and future of CJS and surgery in Canada
• Excerpts of classic articles published in the past 50 years
• Showcase of Canadian surgical talent and research on surgical techniques
• Editorial by co-editors Dr. James Waddell and Dr. Garth Warnock

It will definitely be a keepsake issue for Canadian surgeons!
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